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REEL TOaU 
The 5.601 R.F. ie is a multi-ratio 
instrument for the measurement of resistance, 
capacitance, and inductance over a wide range 
of values. It employs the tapped transformer 


principle, and is provided with co-axial leads 


for connexion to a ‘separate source and detector. 

The bridge has the advantage of extreme 
stability, due to the fact that the impedance 
looking back into the terminals and the imped- 
ance to ground at balance are both exceedingly 
low. 


Range of Measurement 


In addition to measuring resistance, induct- 
ance, and capacitance, | the bridge will measure 
compiex impedances, balanced or unbalanced, 
or balanced with the centre point earthed. 


li-will-also anddsure-the “tinipedance: between 


any pair of terminals in a three-terminal 
network, and is extremely suitable for measure- 
ment of impedances of the very low Q elements. 
The impedance is given as a combination of the 
parallel equivalents of resistance and capacitance 


or resistance and inductance. 


nd 


Frequency range : 


Capacitance range 


Resistance range : 


Accuracy : 


Dimensions : 


Weight : 


1Skc/s to 5 Me/s. 


: 0.01 pF to 20,000 pF in 


5 ranges on the dial. 


10 ohms to 10 megohms 
in 6 ranges on the dial. 


ne «en. ANE LI 
0.5 pi to U.U5 a. 


General _ direct-reading 
accuracy is 1°, over the 
maior part of the range. 
Accuracy of inductance 


measurement depends on 
u 


accuracy of frequency 


source (see p- 


15” by 11” by 94” deep. 


A\ 
+). 


25 Ib. approximately. 


Operating 


Setting up the Bridge 


1. Source and Detector 


The bridge requires an oscillator source 
capable of supplying at least 0.1 V, and prefer- 
ably 1-3 V, into an impedance of 100 ohms, 

The detector should have a sensitivity of the 
order of i~5 microvoits. 

It is important that both the source and 
detector are well screened from each other and 
from the impedance under test, since any direct 
coupling between them will give rise to an error 
in measurement. 

With the detector at maximum sensitivity no 
measurable signal should be observed when the 
output plug is withdrawn from its socket on the 
bridge and its ** outer” earthed to the bridge 


framework, 
2. Connexion to Terminals 


The internal connexions of the six terminals 
of the bridge are as follows : 


EartH To chassis and transformer screen- 
ing. 
Oneresns T one end of terancformer T 
CLOommon a0 One ONG Cr Pans Orme an 
(source) 
x Of. 4 
re To appropriate tappings on the out- 
x 19-2 Put transformer T,. 


Neutral To centre tap of Transformer T,. 
Connexion of Earth Terminai 


Before making a preliminary balance of the 
bridge, the Earth terminal must be connected 
according to the type of measurement to be 
made. The connexions are given in the table 
below. 


Type of Measurement | Earth Terminal ed 


Small components directly | Left free 
connected across bridge 


nbalanced impedances Cannect to COMMON 


11 
Unbalanced impedances 
ins nee: pedancesfreefrom 
need impedances fr 
gers connexion ; 
Balanced impedances with 


centee sont car the nd 
ALLE point Carnie | 


Connect to earth of 


inknowen 
UAKCHOWS 


Instructions 


Use of Neutral Terminal . 


(1) With long leads. \f the component is con- 
nected to the bridge through long screened leads, 
the screens can be connected together and to the 
Neutral terminal. 


if the series impedance of the leads can be 
neglected, the only effective impedance is that of 
the unknown. (See Fig. 1.) 


(i) With three-terminal impedances. Uf it is 
required to measure the impedance between the 
terminals O and P of a 3-terminal impedance 
(Fig. 2) having a third terminai Q, the terminals 
O and P are connected to the Common and 
RANGE terminais of the bridge and Q is con- 
nected to the NEUTRAL terminal. 

The impedances O-Q and P-Q are then in 
shunt across the transformers and do not affect 
the balance of the bridge. 


Selecting the Range Terminal 


The value of an unknown resistance or 


cupacitance is obtuined by multiolying the dial 
WE POL PROTO iS OOtines wy SAR MEST K's nme ee hd 


reading at balance by two factors : 


(a) the range factor, shown in the window 
above the dial 


(b) the terminal factor, marked against the 


to which the unlba 
a 


vt 
terminas which the ue 


connected. 


For a given reading on the dial, it is possible 
to select one of three combinations of range 
switching and terminal factor. 


In selecting the best combination of range 
switching and terminal, it is important to 
remember that the terminals marked 


R x 01 Rx i R x 10 
Cc x 10 Cx i Cx 0! 


are connected respectively to 0.1 turn, | turn, 


and 10 turns on the output transformer, so that, 


and the **R x 0.1” terminal. 

Correspondingly, very high impedance 
measured between the COMMON terminal and the 
“Rx 10 terminal. 

The choice of terminal is in most cuses deter- 
mined by the value of R or C associated with the 
unknown impedance. 

When using the bridge ut higher frequencies, 
the terminals selected should give the lowest 
possible tapping on the transformer in order to 
minimise error due to the leakage inductance. 

When using the outer terminals at high 
frequencies, care must be taken to prevent errors 


Pabarerery 
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Balancing the Bridge 


Before any measurements are made, the bridge 
must be balanced with the unknown discon- 


To do this, connect the Eartit terminal to 
the appropriate point (sce p.12), sel the C dial 
to zero, and the R dial to ** infinity.” 

Set the Range Switch to the estimated vatue of 
the unknown, If desired, a preliminary rough 
measurement can be made to determine the 
range required und the unknown then discon- 
nected, 

Balance the bridge as accurately us possible, 
using the Balance Controls. 

it should not be necessary to rebaiance the 
bridge unless the frequency of the source or the 


rPange ic altasad 
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Measurements 


(i) Measurements of R and C 


Once the bridge is balanced, the dials give a 
direct reading of values of unknown R and C, 
using the appropriate range and terminal factors 
as described on p. 4. 

If the values for the equivalent series circuit 
for the unknown are required, they can be 
obtained from the relations : 


R R R 
Ro Vi (RYX*®) Ta? CPRE «614 O(N) 
4 ; a 
Xe TECXHRY - 1 17/0% 0. (2) 
: | 
. ¢ [! on z | 
CLR] Cf 01/Q*)] (3) 


where 9 - R/X. 
Rg, Ca, and Xy are the resistance, capacitance, 
and reactunce of the equivalent series circuit 
and &, C, and X the resistance, capacitance 
and reactance of the parallel circuit as measured 
by the bridge. 

For values of Q greater than 10, the difference 
the and 


nuralial 
une ang 


peramer 


hetween 


ecuivalent series 
oerween eries 


Cpu Vaiteke 5 


capacitances is less than 1%. 


(Z) Measurements of R and L 


a parallel combination, the inductive component 
being balanced in terms of equivalent negative 
capacitance, i.e., the value of capacitance which 
has the same reactance us the unknown at the 
frequency of measurement. 

In order to arrive at the value of inductance, 
the frequency must be known, and the accuracy 
of measurement is dependent on the accuracy 
of measurement of the source frequency. 

The procedure for measurement is the same 
as that for the measurement of R und C. After 
the required earthing connexions have been 


made and 
Mace anG 


balanced, 
between 


bridge rebalanced on the R and C dials. 
The R scale is independent of frequency, and 


the value of L is culculated as follows : 


the range cealacted 9 the hridde ic 
the range selected, the bridge is 
The unknown is then connected 
the appropriate terminals and the 


on 


1, From the reading of the C scale and a chart 
of reactance (or by calculation), find the 
reactance of the capucitunce at the 
frequency used, 

2. From the same reactance chart, find the 
value of inductance having the same 
reactance at the frequency used, 

Multiply the value so obtained by the terminal 

and range factors of the bridge. 


Example : 


Frequency of source: 100 ke/s 
Terminal used: L,R x 0.1,C = 10 
Range switch: R x 10; L x 0.1 
Reading at balance : 8,500 ohms on R dial 
100 pF on C dial 
Reuctunce of 100 pF at 100 kc/s 
= 15,900 ohms 
Equivalent inductance at 100 ke/s 
= 0.0253 H. 
Scale factors : Terminal 0.1 
Range switch 0.1 
Value of inductance : 0.0253 x 0.01 
= 253 nH. 
Effective parallel resistance : 
8,500 x 0.1 x 10 =. 8,500 ohms. 


(2a) Equivalent Series Circuit 


Mi the ronctante for thea unbnawn aee eaniiead 
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in terms of the equivalent series circuit, they 
can be found from the relations : 
R R 
fe] 1 £12: VAD 1. 7 
Ag = tae a*) t+Y° 
xX xX 
Xe - 1 XR) 1+ /O*) 
L L 


le = 1 tw LYRA = 1 (1/04) 
where Q == R/X ~ Riwl. 


The values &, X, and Z ure parallel equiva- 
lents obtained from measurements on the bridge. 
Again it should be noted that for values of @ 
greater than 10 the difference between the series 
and parallel inductances Is less than 1%, 


(3) Measurement of Dielectric Loss 


The bridge is not suitable for the direct 
measurement of dielectric losses in high-grade 
insulating materials, owing to the H.F. resistance 


of the switching circuit connexions. 
Losses can be measured with the aid of an 


external uir dielectric capacitor by the sub- 
stitution method, and by making use of the 


NeuTRAL terminal in conjunction with the 
three-terminal capacitor, a virtually lossless 
capacitor can be obtained, 

When measuring a capacitor with a very low 
dielectric loss, the bridge may not ‘balance 
exactly at the extreme high frequency end of the 
range owing to the loss on the standard side 
exceeding that on the “* unknown” side.” If an 
exact balance is required for comparison pur- 


poses, it is permissible to obtain it by means of 


the “ Balance R” conte ‘which iVSTEASES the 


9 cid the: 
loss of the unknown side o 


Cupucitance. 


Measurement of Transmission Lines and 
Aerials 


The bridge will measure accurately the im- 
pedance of all transmission lines and aerials 


whether balanced or unbalanced. 


mn the ence Af paAneentein 
if 


In the case of conceniric cubies, unbalanced, 


the EARTH and ComMMoN terminals are con- 
nected together and to th Fob able. 


nected to getner and to Che outer of the cab) 


ry 
ui 


In balanced circuits, the EARTH terminal is 
ieft free. 


The procedure for meusurement is the s 
as that previously described. 


me 


it is important that the receiver is adequately 
screened aguinst radiation from the cable or 
werial under test 


The bridge can also be used as a rapid means 
of lining-up transmitter circuits and matching 
aerials. 


Maintenance 


The bridge is a carefully adjusted laboratory 
instrument and is not proof aguinst rough 
handling or hard mechanical shock. This may 
have the effect of upsetting the calibration by 
disturbing the leads or the trimming capacitors. 

To check the accuracy of the bridge setting, 


if the accuracy of calibration is suspected, the 
following procedure should be adopted : 


fe Te es nee eo OT pias Ca tiene 4etet aeta wen 

Oct LIC irequenvy Ol ine source ang detector 

to approximately 5 Mc/s., und the.C and 
1 


Rn noes C yy land OQ yx 
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Select two high-quality fixed capacitors of 


exactly equal value about 100 pF and con. 


nect them in series between the terminals 
murked Common and R & L x ft. 


. Balance the bridge by the main C dial and, 


if necessary, the ‘“ Balance R” control. 
When this balance has been obtained, con- 
necting the junction of the two fixed capaci- 
tors to the EARTH terminal should not un- 
balance the bridge, although it may be 
necessary to re-balance on the ‘ Balance 
R” control. 

Repeat this procedure with the inductance 
range Switch set to L x |. Before connect- 
ing the fixed cupacitors to the bridge, offset 
the C dial to 50-60 pF and balance the 
bridge. The fixed cupaciiors ure then con- 
nected to the same terminals as before and 
the bridge rcbalanced on the main C dial. 


The reading will be reduced in value in 


this cuca 
blisbvy VOY, 


Connecting the junction of the fixed 
capacitors to the EARTH terminal should 
not unbalance the bridge by more than 
1.0 pF, 

If the bridge is unbalanced by more than 
this amount, adjust the trimming capacitor 
TC,, which will be found mounted adjacent 
to the EARTH terminal, The sealing com- 
pound on the trimmer can be softened by 
applying heat from a sotdering iron near it. 
Now check the resistance side of the bridge 


with the souepe ond feanuancy satting as 
wees aay ee TNS sewipuwlinw y VEL ty 


before. Set the resistance range switch to 
R x 0.1, the capacitance range ta C x 0.1, 
and connect the Earti and Common 
terminals. 

Balance the bridge as before. 

Connect a fixed carbon resistor of approxi- 
mately 25 ohms across the terminals 
Common and R & L x 0.1. Note the 
reading obtuined on the C dial at balance. 


. Remove the fixed resistor and disconnect the 


from the ComMon ter- 
Change the range switch to L x (0. 


EARTH terminal 
minal, 


. Rebalance the bridge and remeasure the 


resistor. The reading on the C dial should 
not differ appreciabiy from thai obtained 
previously (see 8). 


cr (Teean ee 


ean diegw is Lt. 


» at the difference in Peaullns is appreciable, 


pars the trimmer es wing will be found 


meter, until the two. feadings: substantially 


nores 
agree, 
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Component List for Diagram No. CD. 1003. 


{K ohm 10°, LOW, A.P. wound 
1K ohm Linear Law, carbon 
900 ohms 1% I/4W 

3.2K ohms $%% 1/4W 

4.7K ohms 20%, 1/4W 

Z x “480 pF ganged 

5-100 pF 


30 pF 10%, Ceramic 


C4 100 pF 20°, Ceramic 

TCI 3-30 pF Trimmer 

TC2 2-8 pF Trimmer 

S1 WK, Type WPO79 (2-no le 4-n osition} 
$2 W.K. Type WP980 (I- oe e 3-position) 
Ti inpui Transformer W.K. as CWP213 
T2 Output Transformer W.K. Type CWP214 
T3 Auto Transformer W.K. Type CWP2I6 
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